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Fig.4. Woodman Point pumping station

Oxygen injection station and transition tower

15. The Western Australia Environmental Protection Authority’s marine
water quality criteria specify a mixing zone limit of 0-002 mg/1 of undissociated
H,S. Sulphates present in the effluent could produce 20 mg/l of H,S. The 100
dilutions expected from the diffuser at a depth of 20 m would not meet the H,S
criteria by two orders of magnitude. Tests at existing Authority outfalls indicate
that a substantial reduction in H,S occurs as the effluent mixes with oxygenated
sea water. The design provides a curative rather than a preventive approach by
treating sulphide generation at an oxygen injection station 21 km [rom the
pumping station. A circulating pump operates a side-stream system using a 710
mm 1.d. serpentine dissolver. The oxygen gas flow is controlled by signals from a
magnetic flow meter near Woodman Point pumping station.

16. At a point 23 km from the treatment works the effluent enters a vortex
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CAPE PERON OCEAN OUTLET

Fig. 7. Transition tower: one-tenth scale model test of vortex cham-
ber for flow equivalent to 2000 /s

north-west of the diffuser site offshore of the five fathom bank where the water
depth was 40 m. In 1981 this waverider buoy was reinstated and with another
waverider buoy at the diffuser location was used to assess the attenuation of storm
waves by the five fathom bank. Maximum and significant wave heights were found
to be generally reduced by about 40%, with little change in the wave period. A
significant wave at a depth of 15 m, of height 4-5 m and period 11 s, approaching
the pipeline at 30° to the perpendicular, was taken as the 100-year return period
storm condition.

21. During 1981 current meters at six locations produced 54 months records.
At the diffuser one meter was at mid-depth (about 10 m) and another 3 m above
seabed. EG & G CT/3 electromagnetic current meters were used for pipe stability
measurements, complemented by records from the more sensitive NBIS acoustic
current meters used for low current speed recording for effluent dispersal investi-
gation.

72, Sea Data 635-12S directional wave recording equipment was installed on
the seabed near the diffuser site in June 1981 and operated through the winter
months. It measured wave pressure changes and horizontal velocity components
1-5 m above the seabed, and tide heights and water temperature. The results were
examined to determine whether orbital current measurements varied from velo-
cities calculated using theory. No significant difference was found.
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Fig. 9. Transition tower

Materials and buckling and bending criteria

23. Mild steel. ductile iron, reinforced concrete, HDPE and FRP were con-
sidered for the 4200 m of 1400 mm i.d. offshore pipeline. Twin 1 m dia. HDPE
pipes were investigated but wall thickness requirements reduced their flow capac-
ity. Mild steel was selected, it had a 25 mm sulphate-resisting cement mortar
lining, and was double coal tar enamel wrapped to a thickness of 6 mm, concrete
weight coated and cathodically protected.

24. The risk of buckle propagation along an empty pipe with winch pull
loading up to 500 t was assessed. For the 1600 m of pipe under a 15-20 m depth of
water, an 18 mm thickness of 250 MPa steel was specified with a 16 mm thickness
for the remaining 2600 m. The limiting bending radius to protect the 25 mm thick
cement mortar lining in a pipe with 16 mm thick steel was specified as 2500 m. The
final design of the launchway rail track and rollers highlighted the need to provide
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Fig. 11. Dewatering equipment on land pipeline with Parallel
3300 V power line for 5 km

own direct labour force. The most recent, in 1977, was 1200 mm i.d. and 1600 m
long. A decision was made to let the Cape Peron offshore works to Australian or
international contractors. After pre-qualification, involving 14 Australian and 15
international applicants, tender documents were issued to six selected tenderers in
August 1982,

30. There was provision for alternative tender proposals. Alternatives offered
included HDPE, reinforced concrete with post-tensioned strings and fibre-
reinforced plastic. A contract for a steel offshore pipeline was let in December
1982, began in January 1983, the pipe was installed in January 1984 and rock
armouring was completed by June 1984. The consultant’s site supervision team for
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Fig. 12. Cement mortar crack movement test

and 100 kg/m for the remainder. Fig. 13 shows the submerged weights achieved.
Two 55 m long steel soffit forms and one circular steel shutter adjustable at the
bottom were used (Fig. 14). Seventy-six 55 m weight-coated lengths were cast in 13
weeks, each having 32 m*® mesh reinforced concrete using diorite aggregate with
Daracem super plasticizer admixture. The average mix densities and strengths are
given in Table 2. The weight-coated pipe was lifted at 15 MPa strength. The steel
form ensured an accurate volume of concrete for negative buoyancy control and a
smooth surface for the launching rollers.
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Fig. 13. Offshore pipeline: submerged weight check

Fig. 14 Steel formwork for casting concrete coating

Pipe string storage : .

34. The 55 m concrete weight-coated pipe was traversed by five 30 t hydraulic
jack trollies on to six load cell installations with capacity for weighing up to 180 t
+ 50 kg. Each length was then moved on to the main rail track bogies to assemble
a 220 m string. 18 hydraulic jack trollies, in four sets, each with one mmEancd
unit. lifted the 520 t load from the bogies and traversed the 220 m string without
bending on to 19 pedestal storage walls using 25 mm thick rubber pads for all
seatings (Fig. 15). Spans between supports were limited to 12 m to ensure accept-

-
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Table 2. Offshore pipeline: concrete weight-coat data

Minimum | Maximum Mean
Density of concrete after . L
immersion in water for § days 2421 2546 2494 kg/m
Concrete cylinder strength:
7 day ; 5 27.5 53.0 42-5 MPa
28 day 385 630 54:5 MPa
Pipe (16 mm plate)
before weight coating 973 990 982-5 kg/m
after weight coating 2419 2486 2464 kg/m
submerged weight
(target 70 kg/m) 38 96 68 kg/m
Pipe (18 mm plate)
before weight coating 1035 1057 1044 kg/m
after weight coating 2425 2488 2472 kg/m
submerged weight
(target 100 kg/m) 86 112 99 kg/m

Fig. 15. Offshore pipeline: string transportation

able flexural stresses on the cement mortar. Cement mortar lining gaps were made
good with Hallmark epoxy cement mortar. The external weight-coat gaps were
concreted. The ends of each string were matched to a circular machined template
and restrained with external octagonal bracing to speed fitting up during the pull
operation. The last two strings formed the 325 m length of diffuser in which 69
stainless steel ports were fitted at 9-3 m centres, staggered on either side of the pipe,
with a vertical crown port at each end. The ports were cast with an internal
bellmouth 135 mm in diameter tapped for an external sealing flange. They were
welded into the pipe looking slightly upwards at 20° to the horizontal (Fig. 16).
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Fig. 17. Temporary groyne
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Fig. 18. Mesotech 952 bottom-scan profiling sonar: (a) eight-plot record for detailed
check; (b) three-plot record for normal check

November to 31 December.

39. Particular care had to be taken to ensure that all bathers, surfers, skin
divers and large marine fauna such as dolphins and seals were not within the
dangerous shock wave zone.

Launchway preparations
40. The main rail track was long enough to assemble and test the complete
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diffuser. Roller supports then carried the pipe on to the seabed. The entry into the
water was arranged in a steel and timber piled trench 5 m wide. 250 x 250 H piles
were driven at a spacing that allowed hardwood sleepers to be water jetted hori-
201‘11'&“}: Into the sand between the piles. A number of the rollers were suspended
from this pile structure using adjustable steel rods to set the rollers to the correct
level in the S-curved launchway profile. The 10 t roller ball bearing casings were
set in bonded polyurethane tyres. During the operation the polyurethane dis-
bonded on some rollers and subsequent distribution of load to others caused some
bearings to collapse. Damaged rollers were successfully reinforced with greased

hardwood rail'l:ivay sleepers. A temporary concrete culvert allowed the pipe to pass
under the public road (Fig. 19)

Winch pull preparation

41. A pull head, with sledge bottom and two 1400 mm dia. buoyancy tanks on
top, was butt-welded to the diffuser (Fig. 20). Air and water connections to the
tanks allowed adjustment of pull head inclination. The pull head was designed for
1000 t loading from four 48 mm cable shackles, using two left and two right-hand-
lay steel ropes to prevent rotation. An inclinometer wds fitted to record any
rotation of the pipe.

42. A single anchorage was selected at a point 5:6 km from the shore with four
14 t anchors buried 4 m deep at 15 m centres. 2500 m of 63 mm dia. rope was laid
from each anchor to take the final pull loads. An Australian 150 t hydraulic drum
winch was tested to 150 t pull on land and then mounted on the largest barge (Fig.
21). A standby 50 t Skagit winch and cable reeling equipment were also installed.
The drill barge was refitted to become a block barge between the winch barge and
the pullhead. This enabled reeving of the main winch rope to be done on deck and
maintained cable catenaries clear of the sand. A 90 t Skagit winch was mounted on
the block barge. A load cell was fitted at the winch cable termination for two-part
reeve on the winch barge and for three part reeve on the block barge.

Fig. 19. Piled trench and road crossing
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43. A hold-back winch of 25 i i
| t capacit d hyd '
However, after the first two pulls it war fourfdat!; befmll'ltg;s:l;[-np s e

w::;etft::lﬂgable? were threaded through plastic pipe ducts in the weight coat
: Ings for ten buoyancy tanks. These were fabricated ready for use in

case the pipe became embedded in sand ticular :
: , particularly afl
They were not required during the pull. y alter emergency flooding.

Weather forecasting

. 45. Negative buoyancy_ for the last 1200 m of pipeline exposed on the seabed
at a depth of 15-20 m was increased to 100 kg/m. However, the empty pipe would
still become unstable when 1 m high waves approached at 90°. Strong onshore
breezes in hot January weather can generate significant waves 1-5 m in height, of
period 5.

46.' Fourteen January storms had been recorded in the previous 18 years.
TFopmal cyqlones are prevalent off the north-west coast of Australia in January,
with some risk of moving south to Perth. Cyclone precautions were clearly laid
down. These were: blue alert, flood the pipe; yellow alert, take marine plant to
shelter; and red alert, sink barges on the seabed.

47. A Melbourne Bureau of Meteorology weatherfax printer gave nine
regional weather forecasts per day; ocean-routes shipping weather service gave
3-day forecasts by telex: and Perth Bureau of Meteorology gave daily forecasts of
local wind speeds and directions. An anemometer, waverider buoy and current
meter measured actual site data.

48. Before the pull operation started the conditions for emergency pipe flood-
ing were agreed. At Beaufort force 6 strong breeze exceeding 25 knots the pull-
head buoyancy tanks would be flooded and barges put on storm anchorage. When
a Beaufort force 7 near gale was forecast, with wind speeds expected to exceed 35
knots for 12 hours from south-west or north-west quarters, the pipe was to be
flooded.

49. Darbyshire and Draper hindcasting technique® was used to estimate wave
heights from wind data. Attenuation, refraction and swell were considered in
assessing wave conditions entering the coastal zone. Steady and wave oscillatory
current velocities were then estimated to determine the hydrodynamic forces likely
to act on the pipe.

Pipe stability during the pull operation

50. During tender negotiations the use of temporary piles for lateral restraint
had been agreed, but subsequently the method was changed to avoid risk of
fouling cables or pull head. As an alternative, ten hinged collars, incorporating
rollers. with 20 t anchorage on either side of the exposed pipe at 150 m centres,
were fabricated. These could restrain pipe movement under a 2 m significant wave
height of period 7 s acting at 90". .

51. All anchorages were laid, but the last 1000 m of pull proceeded quickly,
with safe weather forecasts, and only one collar was placed. A 200 mm water main
capable of charging the offshore 1600 m of pipe in 5 h was laid with several

offtakes along the launching ramp for emergency pipe filling.

The pull operation _ '
52. After being hydrostatically tested, the diffuser was launched into the trench

by adding two strings and pulling the pipeline with large tractors. The pullhead
487
















